Since Mackey and Mackey (1) reported increase in size of adrenal glands with re peated administration of morphine in rats, this phenomenon has been confirmed repeatedly thereafter by several investigators (2) (3) (4) (5) . The histological observation has revealed the hypertrophy of fascicular and reticular zones with decrease of fat vacuoles in cortical layer. Biochemically, Omori et al. (6) have observed increases in adrenal protein and nucleic acids contents in chronically morphine treated rats. They concluded that the enlargement of the adrenal glands may result from hypertrophy and/or hyperplasia of cortical cells but not from an edematous change. The present work deals with the incorporation of radioactive precursors into protein or nucleic acids of morphine treated rat adrenals in vitro, and the results were compared with those obtained in ACTH treated rats.
MATERIALS AND METHODS Groups of five male rats of Wistar strain weighing 150-160g were used. Synthetic adrenocorticotropic hormone (ACTH, Cortrosyn-Z, Organon) or morphine hydrochloride (morphine, Sankyo) in saline solution or saline alone for control were injected s.c. ACTH was given once a day at a dose of 30 lag/rat and morphine was injected s.c. twice daily with increasing doses; 20 mg/kg on the 1st and 2nd days, 40 mg/kg on the 3rd and 4th days and 80 mg/kg from the 5th to 10th day. Animals were sacrificed 2 hr after the final treat ment for 3H-thymidine or 14C-orotic acid incorporation experiment and 4 hr after for la belled amino acids incorporation experiment. The adrenals were removed immediately and incubated with labelled precursors according to the method of using quartered adre nals reported by Saffran and Schally (7) . All labelled compounds used were obtained from Daiichi Chemical Co., Japan. These compounds were dissolved in the incubation medium immediately before use. Ten pCi of 3H-thymidine (specific activity, 13.0 Ci/mM) , 0.5 pCi of "C-orotic acid (specific activity, 16.5 mCi/mM), 1.0 tpCi of 14C-glycine (specific activity, 5 mCi/mM) and 0.4 pCi of 14C-leucine (specific activity, 282 mCi/mM), were each added to the incubation medium in a volume of 0.1 ml/flask. After 2 hr incubation, ad renal DNA, RNA and protein were extracted by the method of Schmidt and Thannhauser ACTH in a dose of 30 tag/rat was administered s.c. daily, and morphine twice daily with increasing doses ; 20 mg/kg on the 1st and 2nd days, 40 mg/kg on the 3rd and 4th days, and 80 mg; kg from the 5th to 10th day. Animals were sacrificed after the final treatments and adrenal protein and nucleic acids contents were determined.
Figures re present Mean !_S.E. *, **Significant at 5% and 1% level compared with the saline control.
As shown in Table  1 , adrenal wt. increased gradually with progressive days of mor phine treatment, and the changes were well in accord with those of ACTH treated animals.
Similar results were also observed in adrenal protein and nucleic acids contents. The ratios of protein contents to DNA contents in both treatments increased gradually in the course of these treatments, however, the ratios of RNA contents to DNA contents in both treatments increased up to 5 days of treatment but by the 10th day the ratios somewhat decreased as compared with those of 5 days. These final 5 days' results indicate that the rate of increase in DNA contents was greater than that of RNA; the ratio of 10 days' to 5 days' level was 1.04 with regard to RNA and 1.31 with regard to DNA in morphine treated rats, while in ACTH treatment the ratios were 1.05 and 1.12, respectively. These results re-confirm previous findings in this laboratory (6).
Effect of morphine acrd ACTH administration on in vitro corticosterone production in rats
In other experiments with rats in our laboratory (12) , a depressed adrenal function as evidenced by changes in adrenal and serum corticosterone concentration was observed after morphinization.
In the present experiments, a decrease in the rate of corticosterone production by the adrenals was also observed after morphinization in vitro (Table 2 ). In contrast, the corticosterone production by the adrenals in ACTH treated rats was markedly increased almost to the maximum levels with progressive treatment. Quartered adrenals were incubated with 10 t.PCi, flask of 3H-thymidine or 0.5 oCi flask of "C-orotic acid for 2 hr. Figures represent Mean + S.E. * , ** Significant at 5°% and 10' level compared with the saline control.
With repeated ACTH treatment, however, the rates of the incorporation of radio active precursors into both adrenal DNA and RNA decreased gradually during the course of the treatment despite increases in adrenal DNA and RNA contents as shown in Table 1 .
Effect of morphine and ACTH administration on in vitro incorporation of "C-leucine
and "C-glycine into adrenal protein in rats
As shown in Table 4 , high levels of the incorporation rate of 14C-leucine into adrenal protein were obtained on the 1st and 3rd days after morphine administration compared with those of the saline control when calculated on either adrenal weight base or specific activity, but after 5 days, these levels lowered to less than those of the saline control. Simi lar results were also observed in the rate of the incorporation of "C-glycine into adrenal protein.
In ACTH treated rats, the incorporation rates of both labelled precursors into ad renal protein increased markedly with the commencement of administration, but the levels gradually lowered with progressive treatment and the radioactivity of 14C-leucine was quite similar to that of the saline control on the 10th day of the treatment. The radioactivity of 14C-glycine in either base persisted at significantly high levels compared with that of the saline control throughout the periods of the treatment, although similar sequential change was observed as in "C-leucine experiment. Quartered adrenals from the saline control and from the morphinized rats treated for 10 days as shown in Table I Incorporation of labelled precursors into adrenal nucleic acids or protein decreased with repeated ACTH treatment, although corticosterone production did increase. These findings indicate that corticosterone accumulating in the incubation medium may inter fere with incorporation of the precursor into nucleic acids in vitro. For elucidatation, both adrenals from the saline control and from the morphinized rats 2 hr after the final treatment were incubated with 5 /q,/Bask of corticosterone, respectively, and the incorpo ration of : H-thymidine or '4C-orotic acid into the nucleic acids was measured. The amount of corticosterone added was a little higher than the level of corticosterone which had accumulated in the medium during the 2 hr incubation with the adrenals from the rats treated with ACTH for ten days. The results obtained here showed clearly that cortico sterone interfered with incorporation of the labelled precursors into nucleic acids, especially in the adrenals from the morphinized rats, in which the incorporation had been raised by the treatment with morphine (Table 5) .
DISCUSSION
There is no doubt that repeated administration of morphine induces the enlargement of adrenal glands in rats. Definite increases in adrenal protein and nucleic acids con tents were demonstrated after morphinization and ACTH treatment, thus confirming previous findings of Omori et al. (6) . The rate of increase in adrenal protein or RNA content was higher than that of adrenal DNA content up to 5 days after treatment with morphine or ACTH, but the ratio of 10 days' to 5 days' adrenal RNA content was less than that obtained in adrenal DNA content with either treatment. Farese (13) reported that progressive increases in adrenal wt., adrenal protein and RNA contents in rats were obtained with consecutive ACTH treatment, though little or no change in adrenal DNA content was observed during the first few days after the treatment. After 6 days, DNA replication was brought about. It is suggested from these results, that hypertrophy of the gland may occur with the commencement of these treatments, followed by an apparent cell proliferation in the gland after several days. Thus, adrenal enlargement induced after a prolonged morphine or ACTH administration may be attributed to an enhancement of the synthesis of protein and nucleic acids in the adrenal gland itself. In fact, increases of the incorporation of 3H-thymidine and "C-orotic acid into adrenal DNA and RNA fraction in morphine treated rats were observed. These results serve to explain the en largement of the adrenals following repeated morphine administration.
On the contrary, a high incorporation rate of '4C-leucine or of "C-glycine into adrenal protein was observed on the first day of morphine administration, but the level declined with progressive days of the treatment. On the other hand, a decrease in the rate of corti costerone production by the adrenals after repeated morphine treatment was observed in parallel with the decrease in the incorporation of labelled amino acids into adrenal pro tein. These results suggest that a correlation exists between corticoidogenesis and syn thesis of some protein which turns over rapidly with a half life of approx. 10 min (14) and which may be linked to corticoidogenesis (15) . The relationship between these pheno mena is yet to be clarified and the protein concerned in corticoidogenesis is yet to be identified.
In the course of in vivo ACTH treatment, both the incorporation of the labelled pre cursors into adrenal nucleic acids and protein gradually declined despite a progressive increase in adrenal protein and nucleic acids contents indicating hypertrophy and hyper plasia of the gland. Bransome and Reddy (16, 17) have shown that in vitro incorporation of labelled pre cursors into adrenal protein or nucleic acids was stimulated by ACTH treatment, but these experiments did not include evidence for concurrent stimulation of corticoidogenesis.
There is, however, considerable data indicating that the in vitro incorporation of labelled precursors into adrenal protein or nucleic acids in rat adrenals Is rather inhibited by addi tion of ACTH to the incubation medium (18--21) . In the present experiments, a decrease in the incorporation of labelled precursors into adrenal nucleic acids or protein was ob served in parallel with the gradual increase in corticosterone production during the course of ACTH treatment. Moreover, when 5 1,zg/flask of corticosterone was added to the incu bation medium, the incorporation of 3H-thymidine or 14C-orotic acid into adrenal DNA or RNA fraction was markedly inhibited, this being in good agreement with the observa tions of Ferguson et al. (22) , during a similar experiment with 14C-uridine and 14C-leucine.
The mechanism by which the incorporation of these labelled precursors is inhibited by corticosterone remains unclear.
The observation of reciprocal relationship between corti costerone production and precursor incorporation into adrenal nucleic acids or protein in rats treated with ACTH suggests that a certain feedback action to suppress further corti costerone production (23) may play a role in the mechanism through which cortico:do genesis is controlled, however, other mechanisms cannot be ruled out.
